Abstract-There has been an increasing amount of research in the relationship between environmental factors and fishing yield. This paper adds to the body of knowledge by developing a new model for forecasting fishing yield. The model combines fishery domain expert knowledge, marine environmental factor data such as water temperature, chlorophyll concentration and sea surface level as base data and applies cluster analysis that incorporates function fitting and nonlinear regression for data analysis and processing. The model is tested for forecast accuracy and the test result is compared with those using RBF and SVM, the two methods commonly used for similar purposes. The comparison result reveals this new model increases both the accuracy in fishery forecast and the reliability in guiding fishery production and related activities. It can also help explore and discover the distribution of fishing grounds.
I. INTRODUCTION
In the past twenty years, China has experienced steady development in its pelagic fishery. By the end of 2012, the total number of offshore fishing vessels in China reached 2200. Offshore fishing has improved the piscatorial income of the nation and the living standards of its people with an increased supply of aquatic products. It has also contributed to the nation's fishing industry, protected its inshore fishery resources and promoted the development of other related industries [1] . Illex argentinus takes a very important position in the fishery economy regardless of its output value or yield. Research in Illex argentines covers various aspects [2] [3] [4] [5] [6] . Bakun and Csirke [7] studied the impact of marine environmental changes on Illex supplement group resources. Song and Xiong [8] reported the correlation between Illex production distribution and sea surface temperature. In spite of the large population in China, existing data still shows China lagging way behind most developed countries in terms of the amount of offshore fishing per capita share. Even though aquatic operators have accumulated an enormous marine fish catch database over the years yet the data has not been used due to lack of data analysis tools. Consequently, aquatic workers are still relying purely on personal knowledge and experience for tasks such as the delineation of fishing waters and the ascertaining of fishing time, resulting in aimless fishing and an overly high cost of fishing overall. There is an urgent need for a sophisticated and reliable analysis tool to process and analyze the fishery data so that it can assist fishery prediction and support more cost effective and efficient fishing [9] [10] [11] . It can also stabilize the further development of China's offshore fishing, enhance China's current status in international fishery and reduce the pressure of China's inshore fishery resources.
II. MATERIALS AND METHODS

A. Research Data Sources
For the purpose of this research, the environmental data of Illex argentinus' fishing include sea surface level, sea surface temperature and chlorophyll concentration in Southwest Atlantic in January-April 2000. This data is downloaded from OceanWatch (http://oceanwatch.pifsc.noaa.gov/las/). The corresponding fishery yield or catch data is provided by Shanghai Ocean University.
B. Data analysis Methods and Principles of Clustering
The proposed data analysis method is hierarchical clustering which works by grouping data objects into a tree of clusters. Hierarchical clustering methods can be further classified as either agglomerative or divisive, depending on whether the hierarchical decomposition is formed in a bottom-up (merging) or top-down (splitting) fashion. However a pure hierarchical clustering method suffers from its inability to be adjusted if a merge or split decision turns out to be a poor choice, ie, the method does not allow backtracking for any necessary corrections. Recent studies have emphasized on the integration of hierarchical agglomeration with iterative relocation methods. n is the number of objects in i C .
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When an algorithm uses the minimum distance, ) , (
, to measure the distance between clusters, it is sometimes called a nearest-neighbor clustering algorithm. Moreover, if the clustering process is terminated when the distance between nearest clusters exceeds an arbitrary threshold, it is called a single-linkage algorithm. If we view the data points as nodes of a graph, with edges forming a path between the nodes in a cluster, then the merging of two clusters, i C and j C , corresponds to adding an edge between the nearest pair of nodes in i C and j C . Because edges linking clusters always go between distinct clusters, the resulting graph will generate a tree. Thus, an agglomerative hierarchical clustering algorithm that uses the minimum distance measure is also called a minimal spanning tree algorithm.
C. Data processing The data of sea surface level, sea surface temperature, chlorophyll concentration and fishing yield is normalized in this analysis. The formula of normalization is defined in (5) to (9) . With the clustering analysis in MATLAB, it is revealed that there are five sets of data which are divided into two categories, so that in the range of non-central fishing ground these minimal sets of data points which are relative to the overall data are outliers.
D. Fitting and Regression Analysis
Since there is no existing reference for quantitative analysis between fishing yield and environmental factors or functions of the exact relationship, data and fitting function are considered in this paper.
Equations (10), (11) and (12) have been created by function fitting of sea surface temperature, sea surface level or chlorophyll concentration with fishing yield data using a software package called 1stOpt after removing outliers. Where Equation (10) is the function of the relationship between fishing yield and sea surface temperature, Equation (11) is the function of the relationship between yield and sea surface level, and Equation (12) is the function of the relationship between yield and chlorophyll concentration.
The complexity of the model can be reduced with the assumption that these three marine environmental factors are independent of each other. As a result a regression model of the yield (y) and sea surface temperature, 1 x , sea surface level, 2 x , and chlorophyll concentration, 3 x , can be created through the fitting function of the production and each marine environmental factors. See (13) below.
Where a, b, c, d are coefficients which are unknown.
The final non-linear regression model (14) is obtained with a, b, c, d and using formula (13) Finally the actual data and the resulting function point chart is shown in Fig. 1 . 
III. RESULTS AND DISCUSSION
RBF and SVM are two commonly used methods for fishing forecast. It is worth comparing these two methods with the Nonlinear Regression Model (NRM) proposed in this paper. A few sets of environmental data are randomly selected to forecast fishing production using NRM and the resulting forecast data is compared with the actual measured yield data from the existing database hosted in Shanghai Ocean University. Table. 1 shows the comparison result. A similar process is adopted applying the RBF and SVM methods and the results are shown in Table. 2 and Table. 3. These three tables reveal that the error rate of the actual fishing yield measured against the forecast fishing yield is the lowest in Table 1 showing 18% using NRM. Table 2 shows 28% errors using RBF and Table 3 shows 30% errors using SVM. This implies that the proposed NRM method is more accurate in making fishing yield predictions. A further comparison is conducted involving five methods that have been used in fishing predictions with results in Table 4 and  Table 5 . This comparison shows NRM contains the lowest mean square error and the highest coefficiency. These comparison results support the conclusion that the NRM method surpasses all other existing methods in making fishing yield forecast. 
IV. CONCLUSION
This paper proposes a non-linear regression model (NRM) for fishing forecast. It employs cluster analysis and nonlinear regression to help forecast fishing yield based on marine environmental data. Measured data of Illex argentinus in Southwest Atlantic has been used for the experiment. The model has been verified for forecast accuracy and its result is compared with those applying the commonly used methods, RBF and SVM. The comparison confirms that NRM is more accurate in fishery prediction. There is speculation that if NRM is adopted it can lead to better efficiency and effectiveness in fishing.
